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Abstract 
In this contribution we present a microfluidic chip for the continuous concentration of microorganisms by means of 
free flow electrophoresis (FFE). The simple chip design consists of a 140 μm high and 3 mm wide channel with 
platinum electrodes on the top and bottom glass. Microorganisms exhibit a negative surface charge due to ionized 
groups and, therefore, experience a force in the electric field perpendicular to the flow. We have evaluated the 
function of the proposed system by capturing S. cerevisiae cells from a continuous flow at 14 μl/min. A concentration 
factor of 27.7±3.4 was achieved within 20 min. 
 
© 2011 Published by Elsevier Ltd. 
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1.Introduction  
Microfluidic diagnostic systems have been widely investigated over the last two decades. Due to the 
small volume of such devices and low analyte concentrations of real-world samples a preconcentration 
step is inevitably required. Compared to other capture methods (filtration, functionalized particles) 
electrokinetic techniques, such as electrophoresis and dielectrophoresis are easy to control and integrate. 
Microorganisms, including yeasts, bacteria and viruses exhibit a negative charge at physiological pH 
values. Therefore, electrophoretic concentration devices can be applied universally for a wide range of 
pathogens. Free flow electrophoresis (FFE) has been used to separate biological particles but has received 
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considerably less attention for the concentration of microorganisms. To our knowledge, only one group 
showed the on-chip capture of bacteria and viruses by means of FFE and reported a remarkable capture 
efficiency of up to 99.9%. However, due to the relatively large device volume the concentration factor 
was limited at 16.67 in 1h [1].  
The resulting migration velocity v of microorganisms is proportional to the electric field strength  
 
v =μE,          (1) 
 
where μ is defined as the electrophoretic mobility (EM). Electrophoretic mobilities of microorganisms 
are typically in the range of í1 to í4 × 10í8 m²/Vs and are highest at low ionic strength of the medium. In 
this contribution S. cerevisiae cells have been used to evaluate the concentration performance of the 
device since the migration velocity (Eq. 1) is independent of cell size and the electrophoretic mobility of 
yeast is relatively small compared to other microorganisms.  
The principle of the concentration device is illustrated in Fig. 1. The suspension is pumped through the 
chip by the pressure driven flow of a syringe pump. Electrodes on top and bottom of the device produce 
an electric field in which cells are moved towards the anode by the electrophoretic force and adhere at the 
surface. A hydroxyapatite (HA) doped organic/inorganic sol-gel (Ormosil) on top of the electrodes is used 
to improve cell adhesion since many different species of bacteria have been shown to adhere to HA [2]. 
The sol-gel technology has been widely used for the low temperature preparation of porous glass thin 
films [3]. 
 
 
 
 
 
 
 
 
 
Fig. 1: Principle of continuous concentration of microorganisms on a microfluidic chip. Optionally a porous film of 
hydroxyapatite doped Ormosil is deposited onto the electrodes.  
 
2.Materials and Methods 
The glass chip comprises platinum electrodes with windows in between to observe bubble formation 
during the experiments (Fig. 2). The channel was structured into a 140μm thick polymer film bonded to 
the top and bottom glass. Optionally a porous hydroxyapatite (Sigma H0252) doped Ormosil thin film 
was deposited on top of the electrodes. 500 μl of Tetraethyl orthosilicate (Sigma 86578) was stirred for 30 
min with 600 μl Ethanol, 50 μl (3-Glycidyloxypropyl) trimethoxysilane (Sigma 440167) and 150 μl of 
0.5% HCl. After sol formation the device was flushed with an Ormosil hydroxyapatite mixture in a ratio 
of 3:1 and dried for 24 h.  
The S. cerevisiae cells were suspended in 1mM sodium borate (Sigma S9640) with a pH of 9.17 and a 
conductivity of  V=180 μS/cm. To minimize cell sedimentation during the experiments the medium was 
density matched with 13% w/w sucrose.  
1251Dietmar Puchberger-Enengl and Michael J.Vellekoop / Procedia Engineering 25 (2011) 1249 – 1252
Cell adhesion on hydroxyapatite was tested with thin films on glass slides. 500 μl of fluorescent 
labeled yeast cells were put on top of HA doped, and pure Ormosil films, respectively. After 5min the 
drops were removed and the films dried.  
Experiments were conducted at a flow rate of 14μl/min. The maximum concentration factor is given 
by the flow rate, experiment time and the chip volume to Cmax=14 μl/min·20 min/6 μl=46.67. After the 
experiments cell counts in the waste were evaluated by a hemacytometer and compared to the initial 
concentration. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Assembled microfluidic device. Channel dimensions: 14 mm x 3 mm x 140 μm. 
 
3.Results and Discussion 
Cell adhesion to hydroxyapatide doped, and pure Ormosil is compared in Fig. 3. As seen, a 
considerable higher amount of cells adhere to the HA film.  
The concentration results are summarized in Fig. 4. A voltage of 1.9 V between the electrodes was 
found to enable a continuous concentration without bubble formation due to electrolysis. The capture 
efficiency did increase with rinsing voltage but bubbles were observed above 2 V. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Comparison of S. cerevisiae adhesion on thin films: a) Hydroxyapatite doped Ormosil. b) Film without hydroxyapatite. 
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Without an applied voltage 94.4±5.6% of the initial cell concentration was found in the waste. The loss 
can be addressed to unspecific adherence and sedimentation during the experiments. Concentration 
experiments yielded a concentration factor of 27.7±3.4 in 20 min. With deposition of an Ormosil film the 
factor dropped to 23.6±1.9 due to the decreased field strength in the solution at the same supply voltage. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Results of cell capture experiments with S. cerevisiae: Bars represent mean values and standard derivations of three 
independent experiments, respectively. Negative control: 5.6±5.7%. Chip without hydroxyapatide thin film: 59.4±7.4%, 
corresponding concentration factor: 27.7±3.4. Cell capture with HA: 50.7±4.1%, concentration factor: 23.6±1.9.  
 
4.Conclusion 
Free flow electrophoresis has been shown to be a promising technique for the preconcentration of 
microorganisms on microfluidic devices for further analysis. Adherence of cells on hydroxyapatite can be 
utilized to keep the cells in place e.g. for reagent exchange. Nevertheless, further optimization steps are 
required to improve the capture efficiency.   
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